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Preface
One of the most important, still unresolved, tectonic problems of today concerns the remarkable, welldocumented thinning of the subcontinental lithospheric mantle beneath the North China Craton in Eastern China; this is the largest surface area of thinned lithosphere known in the world (500 km Â 1300 km). Compositional data from xenoliths in Ordovician kimberlites show that the lithosphereasthenosphere boundary was then at 180 km depth, but similar data from xenoliths in Cenozoic kimberlites and alkali basalts indicate that the boundary was at only 80 km depth at that time. It is well accepted that more than 100 km of lithospheric root is missing under this craton, and was most probably removed in the Cretaceous by still-unknown processes such as delamination, convection, compositional change, or some other mechanism. The overlying crust exposed today contains many diagnostic rocks and structures also largely of Cretaceous age (i.e. granitic rocks; intermediate, mafic and ultramafic rocks including adakites and high-magnesian andesites; metamorphic core complexes; extensional rifts and sedimentary basins; plus gold deposits and other hydrothermal deposits). Abundant seismic, gravity and tomography data provide key constraints on present-day crust -mantle structures. Juvenile Cenozoic alkaline volcanoes and lava fields suggest emplacement of new asthenophere after the thinning event. This volume represents the first compilation in book form of relevant data and ideas on this unique thinning event and craton and global-scale processes responsible for thinning the lithosphere. Our aim in this Special Publication of the Geological Society is to present the first major compilation of multidisciplinary papers that contain new data and ideas that help constrain the thinning problem in Eastern China. Each main paper contains new, unpublished data that provide some constraints. The papers deal with all the main crustal and tectonic results of the thinning process, new geophysical data provide additional constraints on crustal and mantle structures, and several key papers produce new models to explain the evolution of the thinning process.
Although most papers result from a meeting in Beijing in June 2005, we have added a few more to provide a balanced coverage of the subject. We divide the book into several sections based on disciplines. An introductory paper by Kusky et al. (a) synthesizes the Precambrian to Cenozoic history of the North China Craton and its margins, to provide the geological and tectonic framework for understanding the thinning in the Mesozoic.
The next section of the book focuses on magmatism and geochemistry, starting with a paper by Zhang on the temporal and spatial distribution of Mesozoic mafic magmatism in the North China Craton. This is followed by a paper by Huang et al. on the contributions of mantle-derived magmas to the lower crust of the craton in the Mesozoic, and then Fan et al. present evidence for chemical and isotopic heterogeneity of the subcontinental lithospheric mantle using data from late Mesozoic magmatic rocks. Guo et al. examine the geochemistry of Mesozoic mafic magmas from the Yanshan belt, and relate this to post-collisional (North China and Mongolia colliding with Siberia) extension. Chen et al. present additional petrological and geochemical data on a wide range of Mesozoic magmas that suggest to them that the magmas were intruded in a back-arc extensional environment induced by the subduction of the palaeo-Pacific plate beneath the North China Craton. The Mesozoic magmas range in age from 180 to 120 Ma, with most crystallizing between 135 and 127 Ma.
The next section of the book, on regional structure and tectonics, contains five papers. The first, by Lin et al., describes polyphase Mesozoic structures and tectonics from the Liaoning Peninsula in Eastern China, including Early Triassic contractional structures related to the North China-South China Craton collision, followed by late Mesozoic extension, plutonism, and metamorphic core complex formation, showing a reversal from contractional to extensional structures between 130 and 120 Ma. Li et al. also discuss geological relationships on the Liaoning Peninsula, and show that Palaeoproterozoic plutons of the Jiao-Liao massif experienced partial melting at 160 Ma, and were deformed three times, at Ma. They relate the partial melting and deformation episodes to collisional events in the Sulu orogen in the early Mesozoic, and palaeo-Pacific subduction throughout the Mesozoic. Shao et al. discuss the Mesozoic sedimentary basins and structures of the Yanshan orogen, and relate these to progressive shallowing of magmatic activity in the mantle between 180 and 130 Ma, and to a tectonic regime change from contraction to extension in the Mesozoic. Cope & Graham describe Late Jurassic to Early Cretaceous rifting and extension following middle to late Mesozoic contraction in NE China. They suggest that the Mesozoic volcanism was related to crustal thickening, and that the Cenozoic rift basins of Eastern China are a more likely upper crustal response to delamination, suggesting therefore that loss of the crustal root did not occur until the Cenozoic. Miao et al. describe the Phanerozoic evolution of the Inner Mongolia-Daxinganling orogenic belt (part of the Central Asian orogen) and suggest that Triassic closure of the ocean basins to the north of the craton at the same time as collision in the Qingling-Dabie -Su-Lu orogen to the south may have contributed to the thinning of the lithosphere beneath the North China Craton in the Mesozoic times.
Basin evolution and thermal histories form the subject of the next section in the volume. Li et al. describe the basin-fill sequences from the eastern part of the North China Craton, noting that most basins record contractional tectonics before the Late Jurassic or Early Cretaceous, followed by younger extension, reflecting a Mesozoic tectonic reversal that initiated in the north and propagated southward. Hu et al. examine the palaeogeothermal response to late Mesozoic lithospheric thinning using vitrinite reflectance. They conclude that geothermal gradients were highest in the Middle Triassic and Cretaceous, and that the thermal lithosphere thinned from c. 135 km in the early Mesozoic to c. 65 km in the late Mesozoic. The transition from a stable thermal regime to an active one took place at c. 110 Ma, along with surface erosion.
Two papers examine the geophysical constraints on loss of the lithospheric root beneath Eastern China. Hao et al. use gravity and tomography models to constrain the structure of the eastern margin of the North China Craton, and interpret their data to define the position of the eastern margin of the craton. Chang et al. relate crustal P-wave velocity distributions to orogenic features and gold deposits, finding that most gold is located in high-velocity areas associated with the Yanshan and Taihangshan ranges, and near the Tan-Lu fault zone. They find that high-temperature material in the lower crust beneath these regions may have provided the metals that form the upper crustal deposits.
Most of the gold in China is located in Mesozoic plutons and structures in the eastern part of the North China Craton. In a paper on the fluid evolution of gold in the Jiaodong (Shandong) Peninsula in Eastern China, Fan et al. describe gold-bearing quartz veins that formed at 120 + 10 Ma, and show that the gold formed during the major Mesozoic tectonic transition from contraction to extension. Thus, loss of the lithospheric root may have driven a major gold-mineralizing event in the upper crust.
Deng et al. discuss different geodynamic models for the loss of the lithospheric root, including thermal erosion, delamination and foundering.
As a conclusion and summary of the papers in this book, Kusky et al. (b) present a final major analysis of the subject by integrating the data and ideas in the papers of the Special Publication with those recently published in the literature. This synthesis provides an up-to-date, comprehensive and innovative review of the tectonic causes of and crustal and lithospheric responses to the thinning of the subcontinental lithospheric mantle under Eastern Asia in the Mesozoic. This summary demonstrates for the first time the key relationships between the thinning event and the formation of the Solonker orogenic belt, the ultrahigh-pressure Qingling-Dabie Shan-Su-Lu orogenic belt, and the cumulative effects of mantle weakening through the cumulative effects of hydration by multiple subduction episodes beneath the craton.
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